It is investigated whether the charge conjugation, space reflection and time reversal invariances in the strong interactions can be understood in the framework of the bootstrap dynamics, within a limited model of the pion-nucleon system. It is found that not only the above mentioned invariances but also the charge independence can be attributed to the dynamical self-consistency :requirements on the pion-nucleon vertex and on the self-energies of the various particles. § l. Introduction It is a very interesting idea that all particles (or at least all strongly interacting particles) are not elementary but composite ones composed of themselves by the bootstrap (BS) mechanism.
1 l According to this idea, masses, coupling co'n.stants and all other quantities which specify the world are not quantities introduced into the theory as parameters, but should be calculated by the bootstrapping of all the particles. It may also be hoped that we can understand the internal symmetries in terms of the BS mechanism. Such a possibility has been investigated in the case of SU2 symmetry and 5'U3 symmetry, and interesting results are obtained.
2 l Furthermore, the above method seems to be useful in investigating the origin of the space-time properties such as charge conjugation (C), space reflection (P), and time reversal (T) in variance.
Recently Zachariasen and Zemach 3 l have studied the origin of the P invariance using the idea mentioned above. They confine their argument to the pion-nucleon system. Assuming charge independence (C.I.) of the interaction (then C invariance holds automatically), they constructed the BS equation for pion-nucleon scattering and showed that the requirement of self-consistency forces the interaction to be invariant under the P and T transformations separately.
It is, however, unsatisfactory that they assume C.I. in the beginning, since this assumption makes the interaction C invariant without any dynamics, and it might be the principal origin o:f the resultant symmetries. Further, it should be noted that these symmetry properties of space time should be treated on the same footing, so that the bootstrap hypothesis should be responsible for C invariance and even for C.I., if possible. Therefore, it is very interesting to see what result comes out of the BS mechanism with as little restriction on the intcrac-N. Tokuda tion as possible. On the other hand it is known 4 l that almost the same result is obtained for the origin of ]> invariance by requiring self-consistency on the vertex under the same assumption as that of Zachariasen and Zemach. It has been shown in some simple examples 5 l that bootstrapping can be equally well applied to the scattering and to the vertices and the self-energies for the relevant particles, resulting in the same conclusions.
In this paper we confine our argument to the mass-degenerated pion-nucleon system to investigate whether the origin of the space-time symmetry can be understood in the framework of the bootstrap dynamics. The basic assumptions imposed on the interaction are (i) locality (the Yukawa interaction), (ii) proper Lorents invariance and (iii) Hermiticity. Therefore the CPT theorem holds automatically. vVe assume that the bootstrap mechanism can be realized by the vertices and the self-energies with vanishing Z factors.
5 l' 6 l The self-consistent equations can be obtained for the various coupling constants. It is shown that there exists only the solution which exhibits invariance under the C, P and T transformations separately. It is also shown that the solution is charge independent. Thus, within the limited model of the pion-nucleon system, it is found that not only the C, P and T invariances but also the C.I. can be attributed to the dynamical self-consistency requirements on the vertex and the self-energy.
In § 2 the self-consistent equations for the coupling constants are established. The equations are solved and the results are discussed in § 3. § 2. Interactions and self-consistent equations We confine our arguments to the pion-imcleon system, n+, n-, n° and p, n (and their antiparticles p, n) with degenerate masses for both the pions and the nucleons. The interactions are assumed to be local, proper Lorentz invariant and Hermitian. They are explicitly written as*l c 1n) -
where rj;P, rfJn, ¢, ¢* and q} are the proton, the neutron, the positively charged pion, the negatively charged pion and the neutral pion fields, respectively. The coupling constants f are complex, while the g are real. The interaction is invariant under the product CPT, but not under these operators individually.
As mentioned in the Introduction, we assume that the bootstrap mechanism can be realized by the vertices and self-energies with vanishing Z factors, which are represented in Figs. 1 and 2. After a simple calculation, we obtain the following seven equations for the coupling constants from ( 4rr 
(8)
m and p are the nucleon and the pion masses, respectively. p and j/ are the four-momenta of the external nucleons, and lc stands for r j?,j£· As we can see later, six out of the seven equations above are independent. From the selfenergy diagrams we obtain two independent relations for the coupling constants, Since we assume mass degeneracy, i.e. Before solving the equations obtained in the previous section, it should be noted that we can choose ./~ as pure imaginary, since the phase of the wave function is arbitrary. \Ve put
where g 5 is a real quantity. /, remams complex.
First we consider the equations (2) to (S). As it is rather trivial but lengthy to solve the equation, we prefer not to give the detail of the calculation but simply tabulate all the solutions in the following. The solutions are divided into two groups.
(1) ;; is not zero.
A solution exists : A charge independent solution exists :
Another solution exists for the special cutoff with A 3 = 2A 1 :*)
There exists a solution:
Besides this solution, two other solutions exist in which either [/ 3 or [/ 1 is vanishing in (18). All of the solutions satisfying Eqs. (2) to (8) contain the quantities il, which are given in Table L The numerical quantities relevant to the coupling constants are given in Table IlL The solution (15), for Table III . Numerical values of quantities relevant to the coupling constants for various cutoff parameters. example, means that the neutral and the charged pions transform like pseudoscalar and scalar fields, respectively, and therefore the interaction is invariant under the C, P and T transformations, separately. Such properties of the various solutions are summarized in Table IV . As seen fom Table IV, exist several solutions besides the C, P and T invariant and charge independent solutions. Next we consider the relations (10) and (11) derived from the self-energy diagram. After simple calculations it is found that only the solutions (16) and (18), which are C, P and T invariant and charge independent, satisfy these relations. For the solution (16), the system is composed of the nucleon and the charged and the neutral pions. The pions, as usual, transform like a pseudoscalar field. For (18), the system is composed of the nucleon and the neutral pion. The pion is scalar in this case. Thus it is found that there exist solutions which satisfy all the bootstrapping conditions for the vertices and selfenergies. The interactions become invariant under the C, P and T transformations, and further they are charge independent. Here it is very interesting to notice that the relations (10) and (11) are satisfied identically for the solutions (16) and (18), since there is an objection that there may be more restrictions than variables in the BS equation so that we have only a trivial solution. 7 ) It is seen in our calculation that some of the equations become identities for those solutions which have higher symmetries. In conclusion, it is possible to say that starting from the interaction which is local, proper Lorentz invariant and Hermitian, not only the C, the P and the T invariances but the C.I. may be attributed to the dynamical self-consistency requirement on the pion-nucleon vertex and on the self-energy. \Ve confine our argument to the pion-nucleon system and assume the degeneracy of the pion and nucleon masses, respectively. In this respect our model is rather restrictive, and these restrictions should be removed in the future.
